Abstract: Two China-based transportation geographers examine trends and developments revealed by the release of the most recent official data on traffic and airport capacity within mainland China's domestic air passenger transport system. The focus of the study is the uneven spatial distribution of airports and airport service hinterlands, as well as the hierarchical nature of passenger flows centered within the axis Beijing-Shanghai-Guangzhou (Hong Kong, Macau, and Taiwan are not included in the analysis). Among the questions investigated are the efficiency/balance within the system, as well as the extent to which the distribution of airports and air passenger flow volumes reflect basic patterns of economic and urban development within the country, and conform with a hub-and-spoke model. Journal of Economic Literature, Classification Numbers: L50, L93, O18, R40. 5 figures, 5 tables, 30 references.
INTRODUCTION
ecent years have witnessed a substantial increase in the number of air passengers worldwide. This has primarily been the result of increasing affluence in both developed and developing countries and government policies designed to improve services, increase competition, and reduce prices (e.g., deregulation, privatization, and liberalization of rules governing airline operations; see Graham, 1995; Chin, 1998; Park, 2003) . The growth of air transport, in turn, has increasingly played an important role in overall social and economic development, and as such has been the subject of a growing volume of academic research. 2 Following the deregulation of civil aviation throughout most of the world, the focus of research has shifted in the direction of quantitative analysis of the spatial and economic characteristics of aviation networks, and particularly the evolution of hub-and-spoke networks. 1 Respectively, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China and Graduate University of the Chinese Academy of Sciences, Beijing 100039, China (jiaoewang@163.com) and Research Associate and Professor, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China (jinfj@igsnrr.ac.cn). The authors gratefully acknowledge Dr. Huihui Mo and the contributions of two anonymous reviewers, whose recommendations substantially improved the revised paper. Research reported in this paper was funded by the National Natural Science Foundation of China (Grant No. 40635026 ) and the Beijing Municipal Science and Technology Commission (Grant No. ZZ0632).
2 A complete review of work on the subject lies beyond the scope of this brief report, but a partial listing of important recent contributions includes Fleming and Hayuth (1994) , Shaw and Ivy (1994) , Taaffe et al. (1996) , Hooper (1997) , O'Kelly (1998) , Graham and Guyer (1999) , Vowles (2000) , Burghouwt and Hakfoort (2001) , Goetz (2002) , and Jin et al. (2004) .
Following the reforms and the opening-up policy in 1978, civil aviation in China has developed rapidly. Many new airports have been constructed and have started operations, and in the process the structure of the country's air passenger transport network has changed dramatically. Until recently, however, not much has been written about air transport in China, despite predictions that it is becoming the world's fastest-growing aviation market. 3 Since the late 1990s, the void in the literature has been filled in part by a number of studies that have viewed China's civil aviation network from the prism of economic transition and contemporary models of transportation geography, often from a comparative, transnational perspective (e.g., Le, 1997; Zhang, 1998; Chen, 1999; Liu, 2000; Peng, 2000; Dougan, 2002; Wang et al., 2003; Zhang and Chen, 2003; Jin et al., 2004; Thomas, 2005 Thomas, , 2006 Zhou and Li, 2005 ; and most recently Boquet and Song, 2007) . Instead of replicating the findings of this body of work, this research report focuses on extending our understanding of the present system by focusing on trends revealed by the release of the most recent official statistics (for 2005) for passenger traffic from the Civil Aviation Administration of China (2006) . Coverage is limited here to domestic passenger flights to and from airports in mainland China (i.e., Hong Kong, Macau, and the airports of Taiwan are not included).
AIRPORTS AND SERVICE HINTERLANDS

Airports
Since the 1980s, the rate of growth in the number of air passengers has outstripped that of both the country's GDP and its overall population (Fig. 1) . Reflecting this surge in aviation activity, a boom in airport construction has nearly doubled the number of airports serving commercial passenger traffic in mainland China, to 142 in 2005 (Table 1) .
Not surprisingly, given the situation elsewhere in the world, the spatial pattern of these airports is characterized by regional inequality, both in terms of numbers as well as in terms of capacity (size). This pattern, however, is not immediately apparent when the focus is on the 60 Class 4D and 4E airports, low-capacity facilities serving smaller regional centers that constitute the bottom level of air passenger service hierarchy: 4 35 (ca. 58 percent of the total) of these are found in Eastern and Central China, a percentage share that is actually less than Fan, 2002) . However, when the focus shifts to larger facilities-and in particular airports with annual air passenger volumes exceeding 2 million-a pattern of increasing inequality in favor of economically powerful and populous eastern coastal provinces begins to emerge that does not deviate in any substantial way from patterns reflecting the distribution of population and economic activity. Air passenger transport flows similarly are concentrated in China's top 20 (largely eastern) cities, which accounted for nearly 80 percent of all domestic passenger traffic in 2005 (Civil, 2006 . Since the 1980s, the three eastern cities of Beijing, Shanghai, and Guangzhou have occupied the peak of the flow pyramid (Wang et al., 2003) , accounting in 2005 for roughly 37 percent of all passengers. 6
Service Hinterlands
Our analysis of service hinterlands is based on data from the Civil Aviation Administration of China, 7 and on two methods of delineating service areas-shortest distance and rational service range. 5 The macroregions of China referred to in this study follow the now widely used regionalization scheme of three "economic belts"-Eastern, Central, and Western-delineated in the country's Seventh Five-Year Plan (1986 -1990 . For a map detailing the provinces belonging to each region, see Fan (2002) . 6 The shares of the top 20 and top three cities in the system have diminished slightly over this period, however, indicating some strengthening of the position of small and medium-sized airports (e.g., the shares for the top 20 and top 3 in 2002 were 81.4 and 39.7 percent, respectively). Unless noted otherwise, all 2005 data reported here are from Civil Aviation Administration (2006) . 7 The most recent data available at a level of detail sufficient for the calculations embraced 141 airports located in 132 cities in 2002. Among the cities with more than one airport are Shanghai, Beijing, Chengdu, Hangzhou, Nanjing, Guilin, Fuzhou, Jinan, and Yinchuan. Shortest-Distance Method. The shortest-distance calculations use counties as the basic units of analysis, with "distance" defined as the geometric distance between the county administrative center and the nearest airport. 8 Mathematically, this relationship can be expressed as:
where i is the county territory, j is the airport, L ij is the geometric distance between i and j, k is the nearest airport to i, and L ik is the shortest Euclidean distance. Every county is assigned to the hinterland of the nearest airport, regardless of whether it is served by an airport within its own borders. Figure 2 shows the service hinterlands consisting of counties served by nearest airports. Rational Service Range. Surveys of air passengers indicate that convenient and rapid access to an airport is an important component of satisfaction with the overall travel experience (Chen, 1999; WCCAA, 2002) . To gauge the extent to which airports in China are convenient and accessible to the flying public, and again using counties as basic units of statistical analysis, we sought to identify those parts of the country served by airports located no farther than 50 and 100 km from county administrative centers. As with the shortestdistance method, a county served by multiple airports is assigned to the hinterland of the nearest facility. The resulting pattern of "rational" service hinterlands is depicted in Figure 3 .
Pattern Assessment. Examination of Figures 2 and 3 reveals some interesting distributions. Not unexpectedly, airport density tends to decrease from east to west, in conjunction 8 If a county is served by several airports, it is assigned to the hinterland of the nearest facility. with population density. Proceeding westward, shortest-distance service hinterlands increase in area (Fig. 2) , 9 while rational service hinterlands become much less numerous (Fig. 3) . Clearly, the population of Eastern China as a whole enjoys superior service vis-à-vis the West, and to a lesser extent, Central China. The Yangtze and Zhujiang river deltas, the Beijing-Tianjin region, central and southern Liaoning Province, the Shandong Peninsula, the Wuhan-Changsha region, Chengdu-Chongqing, and southeastern Fujian Province all are well served by airports within 100 km distance, and the service areas of airports within 50 km distance are beginning to coalesce, particularly in the Yangtze River Delta. These regions contain numerous metropolitan areas and city belts, and the air transport demand generated by economic development has led to the expected concentration of airports.
Upon closer examination, however, the relationship between airport service areas and regional development/population density is not as straightforward as one might assume. In Table 2 we present, for each of China's three macroregions, information on the percentage of land area, population, and GDP falling within the rational service hinterlands depicted in Figure 3 . Although as expected, Eastern China has decidedly higher shares of land area, 9 Readers should note, however, that the shortest-distance method does not explicitly consider the spatial distribution of population within counties. For example, the distribution of population in some of the sparsely settled western regions (e.g., Xinjiang) tends to be highly concentrated in relatively compact urbanized areas served by local airports. Therefore, despite the impression of relatively large "shortest-distance" airport hinterlands in Western China depicted in Figure 2 , a resident of Kashi or Kuerle may have a shorter trip to the nearest airport than many residents of southwestern Beijing, who commute to the airport located in the northeastern fringe of the city. population, and GDP encompassed by the 50 and 100 km hinterlands than the other two regions (and consequently, China as a whole), Central China exhibits a pronounced "flyover pattern" ("traffic shadow"), 10 with noticeably reduced coverage in terms of population and GDP than the even more sparsely populated West.
AIR PASSENGER FLOWS
The distribution of air passenger flows is closely interconnected with the location and hierarchy of China's airports; the population, GDP, and economic functions of the cities in which airports are located; 11 and the assortment of air carriers and flights offered by particular airports. Conversely, the air transport demand generated by passenger flows affects the distribution and hierarchy of airports to some degree. Accordingly, most analyses of aviation networks also include an examination of passenger flows.
Spatial Structure
Relationship with Distance. We have analyzed 404 city pairs in China with an air passenger volume exceeding 50,000 in 2005, focusing on air transport distance. Figure 4 , based on data compiled from Civil (2006), which plots passenger flows against air travel distance, shows that most passenger traffic occurred within a distance of 2400 km, with "peaks" at 500-600 km and 1100-1200 km and "valleys" at 700-800 and 1000 km. This pattern likely reflects a combination of factors, and particularly: (1) air transport, among all conventional modes, is most able to transcend physical distance, and this together with the discontinuous character of its transport infrastructure liberates it from a conventional distance-decay function; (2) the "flyover" or "traffic shadow" pattern of relative airport underdevelopment of Central China described above plays a role in the definition of the "valleys."
Beijing-Shanghai-Guangzhou Axis. Our calculations of air passenger volumes of China's cities and passenger flows for 2005 are summarized in Figure 5 . It presents the familiar spatial concentration in Eastern China, but also highlights a pronounced triangular axis (Beijing-Shanghai-Guangzhou) and several individual subsystems (centered on Fig. 3 ).
10 For more on this flyover effect, see Wang et al. (2003) . 11 Correlations between air passenger volumes in 105 cities with airports in China in 2002 (not including 27 specialpurpose airports) and (a) GDP and (b) non-agricultural population of those cities are high, namely .88 and .77, respectively. Chengdu, Wulumuqi, Haikou, etc.). As Table 3 documents, these patterns reflect the economic relationship of various city pairs, as well as their overall level of economic development. Tourism also increasingly plays a role, albeit largely seasonal.
Connection Intensity and Flow Analysis
Absolute Connection Intensity. One measure of the air transport connection between a pair of cities in terms of passenger flows is absolute connection intensity (T ij ): 
where I ij and I ji are air passenger flows from city i to city j and from j to i, respectively. With respect to air passenger transport, I ij should basically equal I ji . Table 4 , based on our recalculation of data in Civil (2006), classifies air routes with passenger flows exceeding 50,000 according to T ij in 2005. It shows that spatial connections among cities are hierarchical in nature, with a far greater number of routes being characterized by small passenger flows rather than massive ones. Five categories of routes connecting city pairs can be identified, with category I of highest connection intensity-consisting of the three routes Beijing-Shanghai, Beijing-Guangzhou, and Shanghai-Shenzhen (all with over 2 million passengers annually)-forming the framework of the aviation network. Because of the relatively low friction exerted by distance on air transport connections, connection intensity tends to reflect first and foremost economic relationships, with the three nodes of China's triangular air passenger transport axis all possessing very strong economic linkages. Nonetheless, the greatest number of passengers overall (45.8 percent) travel category III routes (147 routes, each averaging 200,000 to 1 million passengers annually). The character of China's air passenger transport hierarchy is distinctly "top-down" in the sense that newly constructed small and intermediate-sized regional airports without fail first seek to establish connections with dominant facilities possessing the highest-level connectivity in the system. Only later do they seek connections with airports at marginally higher or equal levels in the hierarchy. Dominant Flow Analysis. A method known as dominant flow analysis also can be utilized to examine the network structure of China's air transport system. Among all possible flows from one particular city and all other cities in a network, dominant flow analysis identifies only the largest flow from or to this city (Tian, 2000) :
where T ij and T ji are air traffic flows from city i to j and from j to i, respectively; O i and D i are total air passengers from and to city i respectively; and L ik is the "dominant flow ratio" of city i. Among the many linkages between i and j (j = 1, 2, . . . n), the linkage is the "priority linkage" containing the dominant flow.
Applying Equation (3) to air passenger flow data for all linkages involving 50,000 passengers in 2005, it was possible to identify four types of dominant flows: (1) strong connection (L ik > 0.6, namely i ⇒> k); (2) sub-strong connection (L ik = 0.3-0.6, or i ⇒ k); (3) weak connection (L ik < 0.3, or ); and (4) coupling connection (in which the intensity of flows is the largest one from i and also from k, i ⇔ k). Readers are advised that the interpretation of results may appear to be counterintuitive, in the sense that very "strong" connections tend to characterize dominant flow ratios between smaller cities and major hubs (e.g., Beijing, Shanghai, and Guangzhou), 12 whereas dominant flows between two major hubs will be characterized by much weaker connections (lower L ik ), as the dominant flows will be a smaller proportion of overall passenger volume (O i + D i ). Table 5 , based on our perusal and compilation of relevant data from Civil (2006), shows the majority of dominant flows in China's air transport system in 2005 (distilled from 404 air routes among 88 cities). Beijing currently is seen to be the most important hub, not by virtue of the number of dominant flows reported (Shanghai has a total of 26 and Beijing 25), but due to the fact that it has a slightly higher number of strong connections and its network covers the entire country (although with strong and sub-strong connections concentrated in northern China). Shanghai's network, on the other hand, is more concentrated in the eastern coastal region and Yangtze River valley, whereas the network of the third hub, Guangzhou, is focused south of the Yangtze River. The dynamics in the system of dominant flows since 12 The sum of the numerator T ij + T ji will approach much more closely the sum of the denominator
2002 is revealing: 11 more cities registered dominant flows to Shanghai in 2005, whereas Guangzhou's number of priority linkages fell by 3. The pattern of dominant flows thus reinforces the picture of the triangular air passenger transport axis (Beijing-Shanghai-Guangzhou) described above, and provides early signs of the emergence of a hub-and-spoke system. Development of the latter at present is impeded by several factors: (1) China's commercial airlines at present for the most part do not have strong connections to specific hubs; 13 (2) the number of feeder lines remains insufficient; and (3) transfers at hubs continue to be time-consuming and inefficient, and the number of connecting flights is relatively low.
CONCLUDING NOTES
The material presented in this brief study leads to a conclusion that the development of China's air passenger transport system is spatially uneven and hierarchical. The three toplevel national hubs Beijing-Shanghai-Guangzhou form a triangular axis that dominates the network nationally (accounting for 37.3 percent of total passenger volume), supported by a network of sub-hubs that organize air transport at the regional level.
Airport location is governed by economic development, political factors, and a host of other reasons. The strong economic and social relationships among Beijing, Shanghai, and Guangzhou generate a high level of air travel demand, ensuring the durability of this triangular framework for the foreseeable future. The dominance of the "triangle" also is promoted by continued rapid development of the economy and real estate market in the BeijingTianjin-Tangshan region, the Yangtze River Delta, and the Zhujiang River Delta. Although domestic air passenger service in China has experienced rapid growth over the last two decades (the number of civilian airports nearly doubling between 1982 and 2005), the aviation network soon must transition from a period of expansion/extension to a stage of adjustment and optimization. The latter will require careful attention to a number of problems. Primarily, the task for the future will be to construct new airports at the appropriate scale in the right places (unserved and underserved locations), and to adjust service capacity at already-existing facilities (some airports have excess capacity, whereas others are overused). An important factor, often overlooked, is the need for more rapid passenger access to terminal facilities via high-speed land transportation links. Also, whereas the number and capacity of airports in eastern coastal areas are basically sufficient, further expansion is warranted in Western and particularly Central China. Therefore regional equity considerations may dictate accelerated development in regions characterized by difficult natural conditions, remoteness, elevated levels of poverty, and a high percentage of minority populations.
Based on the analysis of air passenger flows, the aviation network in China continues to feature connections between city pairs, with some incipient characteristics of a hub-andspoke system. Future construction of new subsidiary airports and feeder routes, as well as continued evolution of hierarchical relations among airports, may push the aviation network farther in the direction of a bona fide hub-and-spoke system. Following the deregulation of China's civil aviation industry, the strategies employed by commercial airline companies likely will play an increasingly important role in the configuration of the country's aviation network.
